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[57] ABSTRACT 

A process for the production of phosgene (C0Q 2 ) compris- 
ing first reacting perchloroethylene (CC1 2 =CC1 2 ) with 
hydrogen chloride and oxygen in the presence of a first 
catalyst to give hexachloroethane and water, separating the 
hexachloroethane. and second reacting the hexachloroet- 
hane from the first step with carbon monoxide in the 
presence of a second catalyst to produce perchloroethylene 
and phosgene which is separated from the perchloroethylene 
before the latter is recycled to the first step. 

6 Claims, 2 Drawing Sheets 
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PHOSGENE PROCESS 
FIELD OF THE INVENTION 

This invention relates to a novel method for the produc- 
tion of phosgene from carbon monoxide, hydrogen chloride 
and oxygen. The process comprises two steps operated in 
tandem. In the first step, perchloroethylene is reacted with 
hydrogen chloride and oxygen in the presence of an oxy- 
chlorination catalyst to produce hexachloroethane and water. 
In the second step hexachloroethane from the first step is 
reacted with carbon monoxide to form perchloroethylene 
and phosgene. A catalyst is used in the second step to 
promote the reaction. Phosgene from the second step is 
separated from the perchloroethylene which is recycled to 
the first step. 

BACKGROUND OF THE INVENTION 

Phosgene (COCl 2 ), also known as carbonyl chloride, was 
first synthesized in 1812 by the British chemist John Davy. 
He reacted carbon monoxide with chlorine in the presence of 
sunlight; hence the derivation of the name phosgene from 
the Greek phos (light) and genes (bom). For many years 
phosgene remained a laboratory curiosity. Then during 
World War I the compound, which is highly toxic, was used 
as a poison gas in trench warfare. 

Today phosgene is manufactured in large quantities for 
use as an intermediate in chemical synthesis. It is employed 
in the preparation of isocyanates, which are used in poly- 
urethane foams and resins. Phosgene is also required in the 
manufacture of polycarbonates and in the synthesis of 
chloroformatcs and carbonates, which are used as interme- 
diates in the production of pharmaceuticals and pesticides. 
In many of these applications, hydrogen chloride is pro- 
duced as a byproduct when phosgene is reacted with amines, 
alcohols, carboxylic adds and other reactants. This byprod- 
uct hydrogen chloride must be recovered or neutralized 
before it is discarded. 

The modem process for the manufacture of phosgene 
consists of the reaction of carbon monoxide with chlorine 
gas over a catalyst at elevated temperatures. The process is 
relatively simple and high yields of product can be obtained. 
Still, certain problems are encountered. The reaction is 
highly exothermic, thus requiring extensive cooling of the 
reactor. Even so, the reaction is hard to control and hot spots 
in the catalyst bed are difficult to avoid. 

Because of the extreme toxidty of the compound, phos- 
gene is generally produced at the site where it is consumed. 
Thereby hazardous shipment and storage of the material are 
avoided. In spite of these precautions, there remains the 
necessity of supplying chlorine to the process. While not 
nearly so dangerous as phosgene, chlorine is in itself a 
highly toxic compound. 

Finally, there are considerations of economics. Chlorine, 
a product of electrochemistry, is a relatively expensive raw 
material notwithstanding the large quantities of it produced. 
By contrast, hydrogen chloride, as already noted, is widely 
available as a byproduct and can be obtained at very 
favorable cost. 

It is therefore an object of the present invention to provide 
a method for the production of phosgene that overcomes or 
avoids the disadvantages of conventional processes. 

Furthermore, it is an object to be able to substitute a less 
expensive raw material, namely, hydrogen chloride, for 
chlorine, which is with few exceptions more costly. An 
additional goal is to provide a process in which the chlori- 
nation of carbon monoxide is easier to control. 
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These and other objects, features and advantages of the 
invention will be apparent from the following description 
and the accompanying drawings. 

SUMMARY OF THE INVENTION 

The invention in one preferred embodiment concerns a 
process for the production of phosgene from carbon 
monoxide, hydrogen chloride and oxygen. The process 
includes two reaction steps operated in tandem and in 
io separate reaction zones. In the first zone, hydrogen chloride 
is converted to chlorine. A carrier in the form of hexachlo- 
roethane (CC1 3 CC1 3 ) transports the chlorine to the second 
zone where the chlorine is released and reacted with carbon 
monoxide to form phosgene. 

15 The reaction which takes place in the first reaction zone 
is generally known as oxychlorination C. In this zone 
perchloroethylene (CC1 2 =CC1 2 ), with the synonym 
tetrachloroethylene, is reacted with hydrogen chloride and 
oxygen to give hexachloroethane and water. An oxychlori- 
20 nation catalyst is required in order to promote this reaction. 
The catalyst of choice is copper chloride, usually deposited 
on an inert support. This is the well-known Deacon catalyst 
which has been used in many forms, often combined with 
such salts as potassium chloride, ferric chloride and chromic 
25 chloride to promote its effectiveness. The reaction tempera- 
ture is in the range of about 200° to about 375° C. 

In the second reaction zone, hexachloroethane, produced 
in the first step, is reacted with carbon monoxide to generate 
phosgene and perchloroethylene. To promote this reaction a 
3° catalyst such as activated carbon is required. The tempera- 
ture range for the reaction is from about 200° to about 400° 
C. 

The effluent from the second reaction zone is fractionated 
to produce the phosgene product The separated perchloro- 
35 ethylene is recycled to the first reaction zone. In this manner 
a continuous process is provided whereby there is no net 
consumption or accumulation of perchloroethylene. 

The reactions of the present invention are illustrated by 

the following equations: 

40 

CCl 2 =CCl 2 +2HCU0.5O 2 -+CCl 3 CCl 3 +H 2 O 1. 

CCl3CCl 3 -tCO->CCl 2 =CCt 2 4COCl 2 2. 

45 Combining these equations the net reaction can be shown 
to be; 

COf2HCl+0.5O 2 — >C0C1 2 +H 2 0 3. 

This latter equation, however, is only representative of the 
overall results; it cannot be carried out in a single step 
50 because phosgene is decomposed by water. Thus, by using 
two reaction zones and maintaining the second one under 
anhydrous conditions, use of hydrogen chloride as a raw 
material for the production of phosgene is made feasible. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic representation of a preferred 
means for operating the present invention. It illustrates the 
two reaction zones along with connecting lines and means 
for product purification. 

60 FIG. 2 is a graph showing the equilibrium constant for the 
reaction of carbon monoxide with hexachloroethane to give 
phosgene and perchloroethylene. This graph provides data 
which are critical to the successful operation of the process. 

65 DETAILED DESCRIPTION OF THE PROCESS 

A schematic flow sheet of one preferred embodiment of 
the process is illustrated in FIG. 1. This diagram shows two 
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catalytic reactors which embody the first and second reac- lower temperatures the equilibrium is less favorable. At 

tion zones of the process. In addition, a distillation column higher temperatures phosgene begins to decompose in 

is provided in order to achieve product separation. The appreciable quantities to carbon monoxide and chlorine. As 



minimal connecting lines which are required are also shown 
to indicate the flow of materials. 

In the first catalytic reactor, oxychlorination of perchlo- 
roethylene is carried out. This is a reaction which has been 
investigated in some detail for other starting materials. It 
requires a catalyst which is usually specified as a copper salt 
enhanced by the addition of one or more other salts includ- 
ing those of iron, potassium, chromium, lead and rare earths. 
The literature describes many such combinations. These 
salts may be deposited on a support or used in the molten 
state. 

The oxychlorination reaction is exothermic such that 
considerable heat is given off. In order to control the 
temperature of the reaction, this heat must be removed in an 
efficacious manner. The present invention contemplates the 
use of a shell and tube reactor for this purpose although other 
means such as a fluidized bed may be employed. 

The temperature of the oxychlorination reaction is main- 
tained in the range of about 200° to about 375°. This range 
is dictated by considerations of equilibrium and reaction 
rates. At lower temperatures, the reaction would proceed less 
vigorously. At higher temperatures the conversion per pass 
is limited. Although the reaction proceeds effectively at one 
atmosphere pressure, elevated pressures may be used for the 
purposes of reducing equipment size or increasing the heat 
transfer efficiency. 

The reactants of the oxychlorination reaction are 
perchloroethylene, hydrogen chloride, and oxygen. Air may 
be substituted for all or part of the oxygen depending on the 
availability of supplies. The products of the oxychlorination 
reaction are hexachloroethane and water. Inerts, that is, 
nitrogen from the air, must be vented via a suitable system 
(not shown) to control volatile emissions. 

Before the hexachloroethane can be used in the second 
catalytic reactor, it must be separated from the water and 
dried. Any residual moisture will decompose the phosgene 
product. 

As the process is envisioned, the second catalytic reactor 
is also of a shell and tube design in order to provide effective 
temperature control. The reaction of hexachloroethane with 
carbon monoxide is slightly endothermic requiring the input 
of heat to maintain the specified temperature. This result is 
in marked contrast to the reaction of chlorine with carbon 
monoxide, which is highly exothermic. 

The temperature range for the reaction of hexachloroet- 
hane with carbon monoxide to produce phosgene and per- 
chloroethylene is determined by thermodynamics. Using 
published values for enthalpies and Gibbs energies of for- 
mation for each of the reactants and products in equation 2 , 
the following relationship was derived: 

log Ky=-1170(l/7>r-2,97 

where Kp is the equilibrium constant and T is the absolute 
temperature in degrees Kelvin. This relationship is plotted in 
FIG. 2. 

As seen by the graph in FIG. 2 the equilibrium constant 
is favorable in the range of 200° (1/T=0.0021) to 400° C. 
(1/T=0.0015). The reaction can be operated outside of this 
range, but the conditions are not nearly so advantageous. At 



indicated by equation 2 , the number of moles of products 
5 equals the number of moles of reactants. Thus, there is no 
thermodynamic advantage to operating at elevated pressures 
although engineering considerations may suggest operation 
at modest pressures. 

A number of catalysts may be used to promote the 
io reaction of hexachloroethane with carbon monoxide. The 
literature has disclosed the use of various catalysts to 
promote the reaction of chlorine with carbon monoxide. 
These catalysts include activated charcoal, activated char- 
coal treated with metallic salts, and platinum. Likewise a 
15 catalyst is necessary in the present invention to overcome 
the activation energy of carbon monoxide. The recom- 
mended catalyst is activated carbon although the use of 
alternative catalysts such as platinum metal may be consid- 
ered. 

20 Depending on reaction conditions in the chlorination of 
carbon monoxide with hexachloroethane, some unreacted 
carbon monoxide may be present in the exit gas. Rather than 
venting this unreacted gas, it may be recycled to the reactor. 
Such a recycle loop is not shown in FIG. 1, but this 
25 arrangement should not be discounted. Phosgene product is 
condensed along with the perchloroethylene in the effluent 
from the second reactor. Phosgene with a boiling point of 
7.6° C. can easily be fractionated from perchloroethylene 
which boils at 121° C. 

30 Phosgene product of the present invention is an interme- 
diate widely used in chemical synthesis. Whatever advance- 
ment in its manufacture can be achieved would be signifi- 
cant. Any reduction in cost, increased efficiency in 
production or improvement in the logistics of its supply 
35 would increase the utility of phosgene. 

The embodiments of the present invention in which 
exclusive property or privilege is claimed are defined as 
follows. 

I claim: 

40 1. A process for the production of phosgene comprising 

the following steps operated in tandem: 

first, reacting perchloroethylene with hydrogen chloride 
and oxygen in the presence of a first catalyst to give 
hexachloroethane and water, separating the 
45 hexachloroethane. and 

second, reacting the hexachloroethane from the first step 
with carbon monoxide in the presence of a second 
catalyst to produce perchloroethylene and phosgene 
which is separated from the perchloroethylene before 
50 the latter is recycled to the first step. 

2. A process according to claim 1 in which the source of 
oxygen is air. 

3. A process according to claim 1 in which the first 
catalyst comprises copper chloride. 

55 4. A process according to claim 1 in which the second 

catalyst is activated carbon. 

5. A process according to claim 1 in which the reaction of 
the first step is carried out at a temperature in the range of 
200° to 375° C. 

60 6 . A process according to claim 1 in which the reaction of 

the second step is carried out at a temperature within the 
range of 200° to 400° C. 
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